Biochemical, histochemical, radioauto graphic and radiochromatographic experiments repeated on the embryonic thyroid glands of mammals have suggested that some critical stages occur in functional development (R a n k i n, '41, in pigs ; Wolf f et al., '49, in cattle ;: Mc Alpin e, '55, in rats ; W a t e r m an et al., '56, in rabbits ; S he par d et al" '64, in man).
Histological observations also have. made it possible to divide the prenatal development of the thyroid gland in relation to its function (T a k i, '58, in man ; Ma c hid a,. '59 , in guinea pigs).
As one of the most important morphologic methods of studying the functional development, electron microscopy should be available, but little work has been done with this method (F el d m a n et al., '61).
This electron microscopic study intends to elucidate this problem by using rat embryos ranging in age from 1O to 36 mm in crown rump length (14 to 21 days of gestation).
Materials and Methods
A total of 62 rat embryos were used. Some of the litter mate. embryos (the first group) were used for electron microscopic observations and others (the second group) for routine histologic observations. The gestation age of the embryos was estimated by measuring the crown rump lengths and times elasping from examination (9.00 A.M.)i of spermatozoa in vaginal smears after an overnight stay of females. in estrus with males.
Thyroid areas and developing thyroid glands. were removed from living embryos taken from pregnant females anaesthetized with ether. The thyroid areas and glands of the first group were immediately fixed for 1 to 2 hours in 1% osmium tetroxide.
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Kakuya Ishikawa -solution buffered at pH 7 .4 with veronal acetate (P a 1 a d e, '52) or in the same solution buffered at pH 7.4 with sodium phosphate , (Millon .ig, '62) . The thyroid areas and glands fixed were dehydrated in gradations of ethanol and embedded in Epon (L u f t, '61). Sections were cut with a Porter-Blum microtome at 500 to 900 A. Before this thin sectioning, thyroid glands were identified in blocks by examining sections cut at 1 p with the phase contrast microscope. The 1 p thick sections were stained with toluidine blue. After the blocks were assured to include them thin sections were mounted on uncoated grids. The thin sections were stained with a solution saturated with uranyl acetate (W a t so n, '58) followed by R e y n o 1 d s' ('63) lead stain, or with a solution of Mill o n i g ('61).
The specimens were photographed at initial magnifications of 1500 to 10000 by using an electron microscope Model HU 11 Type and subsequently enlarged to the desired size. The thyroid areas and glands of the second group were fixed in H e 11 y's fluid and sectioned at 6 p. The sections prepared were stained with Ma y e r's hematoxylin and eosin and some by periodic acid-S c h i f f's technique controlled by saliva to detect glycogen.
Observations 10 to 12 mm stages (14 and 15 days).
The thyroid primordium appeared as a mandible-shaped structure consisting of two lobes and an isthmus in front of the trachea.
Primordial cells appeared like plasmodium without showing distinct cell boundaries. They formed cell conglomerates and cell cords earlier in the 10 mm stage, and radial cell arrangements-primitive follicles without cavities, later in the 12 mm stage. The nuclei were large vesicular and often irregularshaped.
Their chromatin reticulum was faintly stained and loose, and had a prominent nucleolus surrounded by chromatin material. The cell bodies were relatively large and did not contain glycogen.
Electron microscopy : In the 10 mm stage (Figs. 1 and 2), primordial cells were polygonal, and had distinct plasma membranes . The nuclei were somewhat irregular-shaped and consisted of usual components-nuclear envelopes and more or less densely distributed granular material.
Ribonucleoprotein particles were abundantly distributed on the outer membrane of the envelopes.
Mitochondria were round to oval, sometimes rod-shaped.
They represented sacs with a covering unit membrane and cristae mitochondriales.
The cristae were arranged almost parallel to each other.
The matrix of the mitochondria showed no characteristic appearance. Endoplasmic reticulums were associated with abundant ribonucleoprotein particles but were not yet developed. The reticulums were found as few small vesicles and/or as few thin lamellae. G o 1 g i complexes were
also not yet prominent, consisting of only a few short lamellae and a considerable number of small vesicles. They were definitely not oriented in position, sometimes lying just near the plasma membrane. A few of the G o 1 g i complexes appeared as glomeruli of anastomosing thin tubes (Fig. 1) . In the matrix, free ribonucleoprotein particles, gathered in small radial groups, were abundantly distributed throughout. Rarely, multivesicular bodies were found here. Intercellular spaces were formed by paired plasma membranes of adjacent primordial cells. Between the adjacent plasma membranes, there occurred often interdigitations, complicated and simple. Some primitive stages of cavity formation appeared to start in the intercellular spaces of the interdigitations which were loosened from each other (Fig. 1) . Some of the interdigitations looked like initial microvilli. A few formed twists and turns. Near these intercellular spaces the plasma membranes became electron dense-probably, they were primitive terminal bars (Fig. 1) . Further, desmosomes were found in the deeper levels of the cell bodies ( Figs. 1 and 2 ).
In the 12 mm stage, no significant electron microscopic changes were found in the primordial cells. Expansion of intercellular spaces proceeded further in some of the interdigitations.
Primitive terminal bars were seen near the loosening (Fig. 3) .
15 mm stage (16 days). The thyroid primordium began to incorporate with the ultimobranchial body in the right and left lobes. Cell conglomerates and cell cords of the thyroid primordium were found in considerable numbers and were replaced by primitive follicles which increased in number.
Tissues or epithelial cells of the two origins were in direct contact or partly separated by mesenchymal tissue. Glycogen was not found in the primordial cells.
Some electron microscopic changes took place in the primordial cells which formed the primitive follicles (Fig. 4 ). G o 1 g i complexes were better-developed and located just near tiny cavities. Just below the apical plasma membranes, there were many small vesicles, some of which appeared to come from the Golgi complex. Interdigitations were seen developing to microvilli, and primitive terminal bars increased in number.
Mitochondria and rough-surfaced endoplasmic reticulums revealed no significant change.
18 mm stage (17 days). All of the primordial cells contained in cell cords and conglomerates were radially arranged to form primitive follicles. Glycogen was not found in them. The thyroid primordium now consisted of cords and conglomerates of primitive follicles. Primitive follicles except for peripheral primitive follicles did not yet form cavities histologically.
Different electron microscopic changes went on further in the primordial cells. G o 1 g i complexes showed different stages of better development ( Fig. 5 ) and the majority moved towards tiny cavities. Some consisted of an increased number of lamellae and many small vesicles, and further a few vacuoles.
Rough-surfaced endoplasmic reticulums also indicated different stages of better development, and some were dilating their spaces to such an extent that they came in touch with a few of mitochondria.
The mitochondria showed smooth profiles, and increased in number and size. Many microvilli were produced and were closely packed in tiny cavities.
21 mm stage (18 days).
The thyroid primordium consisted of primitive follicles which connected directly with each other. Some of the primitive follicles were better developed and had a distinct tiny cavity which contained feebly stained-precolloidal-material. The nuclei were still vesicular and of different sizes, and contained a feeble chromatin reticulum with a prominent nucleolus. Glycogen was not found in the primordial cells.
Electron microscopically, mitochondria, endoplasmic reticulums and G o l g i complexes were further better developed.
Some of the mitochondria were elongated. The rough-surfaced endoplasmic reticulums were seen dilating their spaces. The G o 1 g i complexes were better developed and located in the apical zone. Some of their small vesicles were found close to or in contact with the plasma membranes. Multivesicular bodies appeared rarely. 24, 25 or 26 mm stages (19 days). The thyroid primordium was converted into the thyroid gland in these stages and reached a critical point of expressing its own morphologic structure.
The thyroid gland consisted of definitive follicles which remained still associated with each other. The follicle cavities were still slightly irregular-shaped but contained feebly stained but typical colloid. The primordial cells had just changed into the follicle cells. The nuclei of the follicle cells decreased in size and were round to oval.
Electron microscopical changes observed in the 21 mm stage were exaggerated.
Rough-surfaced endoplasmic reticulums were further dilated to form irregular-shaped cisterns and canals, and were often in contact with the mitochondria.
Rod-shaped mitochondria in-creased in number. Golgi complexes were also developed and secretory granules were sometimes found near the complexes.
28 to 32 and 36 mm stages (20 and 21 days). The thyroid gland represented histologically a miniature of the adult thyroid gland. Follicles, although still small in size, contained typical colloid in regularly round to oval cavities. Follicle cells were cubical and had small round or oval nuclei. Capillaries surrounded the follicles closely.
Just in contact with the follicles, epithelial cells which were stained somewhat lightly and had a larger nucleus and a larger cell body were found. They were young forms of the parafollicular cells. They remained near or connected with residual tissue of the ultimobranchial body which still contained considerable amounts of glycogen.
Electron microscopy : In the follicle cells, dilated cisterns and canals of rough-surfaced endoplasmic reticulum increased in number and came to occupy the greater part of the cell body except for the superficial apical zone (Fig. 6 ). Mitochondria increased in number and size. Some were enclosed by rough-surfaced endoplasmic reticulum. The superficial apical zone was sometimes filled with many small vesicles and further contained a few electron dense secretory granules. Some of these small vesicles appeared to start in the G o 1 g i complex.
Three kinds of organelle of the young forms of the parafollicular cells completely differed from those of the follicle cells, but rather were similar to those of epithelial cells of the ultimobranchial body. Rough-surfaced endoplasmic reticulums were poorly developed and were found as a few small vesicles and/or a few thin lamellae. Rarely, some of the lamellae were slightly dilated. Mitochondria were few in number and found as spherules or ovoids. G o 1 g i comlexes were relatively well developed and consisted of a few to several lamellae and a considerable number of small vesicles.
Discussion
Recent knowledge of the physiology of thyroid hormone has been summarized as follows (S t a n b u r y, '55). Circulating inorganic iodide, which is yielded during digestion and absorption in the gastrointestinal tract, is trapped by the thyroid gland and enzymatically oxidized to iodine by the follicle cell. The iodine replaces hydrogen of the benzene nuclei of the tyrosil groups which are present in peptide linkage with the cell protein and produce diiodotyrosine in the oxidative step. The diiodotyrosine in turn undergoes oxidation and condenses to form thyroxine with extrusion of alanine. The thyroxine becomes peptide-linked after its formation and either enters the blood as thyroid hormone or is secreted into to follicle cavity to be stored as thyroglobulin.
A similar but probably the same process of function may be supposed to develop in a step-wise manner in embryonic life and to be matured soon before birth. These organelles have been at the present time generally understood to be as follows.
The mitochondria possess a common biochemical denominator : an organized chain of carrier enzymes and still auxiliary enzymes (L e h n i n g e r, '56). The rough-surfaced endoplasmic reticulum is the site of protein synthesis and the mitochondria the site of oxidation (B r a c he t, '57). In other words, Ha g u e n a u ('58) emphasized that the role of the rough-surfaced endoplasmic reticulum is in protein synthesis. On the other hand, Dalton ('61) has summarized that the G o 1 g i complex takes an intervention in secretory activity and consists of a group of large vacuoles, a system of flattend sacs and a cluster of small vesicles in highly differentiated, functional cells.
T a s h i r o et al. ('64) in dogs and M u r a m o t o ('64) in lower vertebrates
emphasized these points on the follicle cells of the thyroid gland.
In the early differentiation stage (Figs. 1 to 3) , the three kinds of organelle remain too primitive in pattern-poor development, with rarity of both the rough-surfaced endoplasmic reticulum and G o 1 g i complex, and paucity of the mitochondria are characterized. This may substantiate morphologically the complete absence of ability of collecting radioiodine I's' in the rat's embryonic thyroid gland at 15 days of gestation (G or bman et al., '43). In the preparatory differentiation stage (Figs. 4 and 5) , slight extension and movement towards the primitive cavity of the Golgi complex are earlier marked-and half development of the roughsurfaced endoplasmic reticulum, and multiplication and elongation of the mitochondria, and further beginning contact of the two kinds of stage of rat and mouse embryos, and P h i 11 i p s et al. ('59) described the presence of colloid in thyroid follicles by the 18th day in rat embryos in relation to the appearance of aldehyde-fuchsin-positive cells in the pituitary. In the follicle stage, the follicle cells achieve almost the same situation as that found in those of the postnatal thyroid gland (Fig.  6) . By autoradiography, G or b m a n et al. ('43) demonstrated the activity to collect radioiodine I"' in the embryonic rat thyroid gland at 18 days of gestation, while G e 1 o s o ('58) demonstrated the presence of thyroxine in the blood of embryos at the end of gestation by injecting radioactive iodine I"' into thyroidectomized pregnant rats and suggested that the embryonic thyroid gland at this stage is able to not only synthesize thyroid hormone but also secrete it. Shepard ('63) observed slight concentration of radioiodine I"' at the beginning of the 18th day when given on the 17th day.
On the other hand, H a 11 et al. ('42) found this day to be the threshold of thyroid activity as indicated by reaction of tadpoles to the injection of glands. Their results agree closely with the present observations of electron microscopic maturation of the follicle cells. Glycogen has been reported to appear in the primordial cells of the embryonic thyroid gland in the early differentiation stage and preparatory differentiation stage and to disappear in the follicle stage (T a k i, '58, in man ; Mac hid a, '59, in guinea pigs).
S he pa r d et al. ('64) found this fact in man.
The present result showed that glycogen is not found in the embryonic thyroid glands of rats.
The origin of parafollicular cells has been differently reported to develop from the follicle cells, from the ultimobranchial tissue and from the connective tissue cells. The present result demonstrated that the young forms of the parafollicular cells found soon before birth (32 mm) have the same characteristics as those found in dogs (T a s h i r o, '64) and at the same time a cardinal feature similar in components to that of the epithelial cells of the ultimobranchial body-poor development of rough-surfaced endoplasmic reticulum and paucity of mitochondria. The electron microscopic observations of differentiation of the ultimobranchial tissue and the parafollicular cells have been described in detail in another paper (I s h i k a w a, K. : Electron microscopic studies of the ultimobranchial body of the rat in embryonic life, with special emphasis on its fate-the relation to the thyroid tissue and parafollicular cells-in this Journal).
Summary
Electron microscopy, together with light microscopy, on the embryonic development of the thyroid gland in the rat renders it possible to divide it into three stages-1.
early differentiation stage, (10 to 12 mm CRL, 14 and 15 days of gestation), 2. preparatory differentiation stage (approximately, 15 to 21 mm, 16 to 18 days), and 3. follicle stage (approximately, 24 to 36 mm, 19 to 21 days). In these stages, the characteristics of differentiation in the primordial cells appear to be centered on the rough-surfaced endoplasmic reticulum, mitochondria and G o 1 g i complex.
In the early differentiation stage, the three kinds of organelle are poorly differentiated -poor development with rarity of rough -surfaced endoplasmic retieulum, paucity of mitochondria and small extension of G o 1 g i complex .
In the preparatory differentiation stage, the three kinds of organelle are in immature but progressive development.
Rough-surfaced endoplasmic reticulum is seen dilating and extending its space. Slight increase in number and size of mitochondria and slight extension and movement towards the apical zone of G o 1 g i complex are found. Finally, the dilated part of the endoplasmic reticulum is seen sometimes in contact with the mitochondria.
In the follicle stage, the primordial cells are converted to the follicle cells which are identical in fine structure with those of postnatal life.
The rough-surfaced endoplasmic reticulum consists of dilated cisterns and canals which occupy the greater part of the cell body and are often in contact with the mitochondria.
The mitochondria are increased in number and a number of them are elongated.
The 
